X-,gals. Conditions of the pulse-chase assay did not perturb the N-end rule pathway because cells incubated under these conditions for 1 hour before the pulse labeling did not alter kinetics of X-Pgal degradation. The frozen samples were heated at 1000C for 4 min. Each sample was then added to immunoprecipitation (IP) buffer (1 ml) [1% Triton X-100, 0.5% deoxycholate, 0.15 M NaCI, 5 mM EDTA, 50 mM Hepes, (pH 7.5), plus freshly added 1 mM phenylmethylsulfonyl fluoride] and centrifuged at 12,000g for 10 min at 4CC. The supernatant (0.9 ml) was added to a solution (1 pi) containing a monoclonal antibody to Pgal (2 mg/ ml; Promega) and incubated at 0C for 1 hour. A protein A-agarose suspension (Repligen) (10 pl) was then added; the suspension was incubated with rocking for 30 min at 40C and centrifuged for 15 s at 12,000g. The pellet was washed three times with IP buffer containing 0.1% SDS, dissolved in SDS-containing sample buffer, and subjected to electrophoresis in a SDS-6% polyacrylamide gel (10) . The gels were washed in 25% CH30H and 10% CH3COOH for 20 min, dried, autoradiographed, and quantified (22 was the same. On the basis of the ANOVAs (evaluated atP < 0.05), 85% ofthe cells were stimulus-selective, independent of whether the test items were matching or nonmatching, 48% of the cells distinguished between matching and nonmatching items, independent ofstimulus selectivity, and 15% showed a significant interaction between these two factors. The latter cells commonly showed a disproportionately large matching-nonmatching effect for their "optimal' stimulus. For nearly all cells that responded differently to matching and nonmatching stimuli, the response to matching stimuli was smaller than to nonmatching (Fig. 1) . This response attenuation to matching stimuli was apparent even when up to four nonmatching stimuli (the maximum tested) intervened ( Fig. 2A) intervened. To test this, we studied an additional 18 cells in a more difficult version ofthe task, in which up to six stimuli intervened between the sample and matching stimulus. When the animal was trained and subsequently tested on the more difficult task, the difference in response to matching and nonmatching stimuli was now maintained after the additional intervening items (Fig. 2B) . This result suggests that there may be no limit on the "memory span' ofIT neurons, as long as the animal retains the sample item in memory.
As a measure of how much information about the remembered sample was carried in the neuronal responses to the test items, we asked how well one could classify a stimulus as matching or nonmatching on any given trial based on the response of an individual cell. To make such a classification, one needs to know the function relating response magnitude to the probability that a given stimulus is matching or nonmatching. Using logistic regression (8), we estimated this function separately for each stimulus and each cell. The regression was significant (likelihood ratio test, P < 0.05) for 27% of the stimuli that elicited any response. For each of these stimuli, we then used the regression equation as a decision rule to predict, for each response, whether a stimulus was matching or nonmatching. If there was a perfect relationship between firing rate and matching-nonmatching status, the success rate should have been 100%, whereas any response variability would reduce the success rate below that level. We compared the prediction to the actual stimulus and Number of intervening stimuli Fig. 2 Number of trials (measured from first trial of a stimulus) Fig. 3 . Average response of 25 IT neurons that showed a significant attenuation of response across the test session to initially novel stimuli. Responses were averaged across all stimuli and all cells, and the trial number for a given stimulus was measured from the first trial on which that stimulus appeared. The baseline is the average spontaneous firing rate of the cells, measured before each trial.
found a mean successful classification rate of 59% correct (chance, 50%), with a range of 52 to 71%. Although no individual neuron performed as well in the task as the animal as a whole, in principle one could achieve a success rate equal to that ofthe animals' (90% correct) by averaging the responses of just a few IT cells to reduce the response variability.
It was not only the response to matching stimuli that carried information about the specific sample item held in memory but also the responses to nonmatching stimuli. We applied the logistic regression analysis to the responses to the nonmatching items alone, using the regression equation to predict which of the five possible samples preceded a given nonmatching item on each trial (excluding the one sample that matched the test item, out of the six possible). The regression was significant for 25% of the nonmatching items that elicited responses; for these items, the mean success in classifying which sample had been used on a given trial was 29% (chance, 20%), with a range of 22 to 40%. This effect of the samples on responses to nonmatching items would be explained if the responses to all incoming test items, matching as well as nonmatching, were attenuated according to their similarity to the sample. That is, it may be the degree of similarity of the current stimulus to the memory trace that causes the attenuation of response, rather than matching per se.
In the recognition memory procedure, we asked how the neuronal responses to a stimulus the animal had never seen before as the nonmatch. A new set of novel stimuli was used for each cell, and a given set was reused, if at all, no sooner than several months later. The nonmatching items used on each trial were chosen from a set of four different, already highly familiar, stimuli. A given sample stimulus was repeated in the session after 4 or 35 intervening trials with the other sample stimuli, the 4-and 35-trial intervals being used in alternation. About 200 to 400 trials, or 10 to 20 trials per sample stimulus, were typically used in each session.
For many IT neurons, the response to the initially novel sample stimuli systematically declined over the session as the animal gained more experience with them. Over one-third of the 72 neurons tested exhibited a significant decrease in response with repeated presentation ofthese stimuli (9) (Fig.  3) , the amount of the decrement increasing across trials, reaching a stable level (still above the spontaneous firing rate) after about six to eight trials. The largest decrements were typically found for stimuli that caused the greatest initial response. A parallel decline during the session was seen for responses to the same stimuli presented as the matching item at the end of each trial. For the remaining neurons, there was either no change in response across the session or, infrequently (9%), a small increase in response. Because the number of cells responding strongly to an initially novel stimulus was smaller at the end of the session than at the beginning, there appears to be a focusing of activation within the population of cells as a result of experience.
The magnitude of the decrease in response to a given sample on a given trial depended on the number of intervening trials between successive presentations ofthe same sample. The decrement was much larger when only 4 showed a recovery of response on the initial presentation of the new stimuli. We do not yet know whether the decline in response to familiar stimuli is maintained for days (10) .
Our results show that the responses of IT neurons to incoming visual stimuli carry information about the memories of past 29 NOVEMBER 1991 stimuli. The responses appear to be modulated according to the similarity of the stimulus to memory traces, whether the trace is actively held in short-term working memory or is passively held in a longer term store. The formation of memories may consist, at least in part, of the modification of synaptic weights such that familiar, expected, or recently seen stimuli cause the least activation of the cortex. This seemingly counterintuitive view is consistent with some neural network models of memory as well as with recent findings in humans and monkeys (7, 11) . IT neurons may be acting as adaptive mnemonic filters that seek to preferentially pass information about new, unexpected, or not recently seen stimuli. Such a process would not simply precede memory storage but would be a critical component of the storage mechanism.
